Evapotranspiration is an important component in planning and management of water resources.
INTRODUCTION
As one of the main components of water balance in a region, evapotranspiration is among the important factors which should be considered for irrigation planning.
Accurate estimation of crop water demand has a positive effect on reducing water crisis, especially in arid and semi-arid areas. There are numerous methods for calculating evapotranspiration which can be generally categorized into direct and indirect methods. One of the most common indirect methods is to use the estimated values of evapotranspiration in a desired plant using a modified FAO Penman-Monteith equation (Goyal ) .
In this method, after determining the water requirement in the reference crop, the value is computed on the basis of the crop coefficients (Allen et al. ) . Despite the permissible precision level of the Penman-Monteith method, but considering the large number of input data required, researchers have made a lot of effort to simplify the indirect methods in order to obtain precise estimation of evapotranspiration. Najafzadeh & Barani ; Najafzadeh et al. a, b, a, b, c; Zahiri & Najafzadeh ) . The metaheuristic methods such as the adaptive neuro-fuzzy inference system (ANFIS), support vector machine (SVM), and gene expression programming (GEP) have a high potential for estimating the amount of evaporation-transpiration.
The main advantages of these models are: (i) they do not require mathematical relationships for such complex phenomena; (ii) these models are added to the optimization models; their inputs are ready for sensitivity analysis and their optimal structure is automatically extracted. For these reasons, many studies have focused on evaluating artificial intelligence models in predicting potential evapotranspiration. Guo et al. () They selected the Penman-Monteith method as the reference to compare the GEP results with those obtained using ANFIS, Priestly-Taylor, and Hargreaves-Samani models.
The results showed that the GEP model was better than the ANFIS, Priestly-Taylor, and Hargreaves and Samani models; the ANFIS model was the next best. In two parts of Northern California, SVR, neural networks, and experimental models were used to estimate daily evapotranspiration in a reference plant (Guo et al. ; Kisi & Zounemat-Kermani ) . The results showed that in both parts of California, the SVM model had higher accuracy than other models. Moreover, Terzi () compared the result of GEP with ANFIS to estimate daily evaporation of a lake located in southwest Turkey using various input combinations and concluded that the GEP model had better results than the ANFIS.
The results of Gulay & Buyukyildiz () demonstrated that the SVM and fuzzy logic models had sufficient accuracy to estimate daily evaporation in comparison with empirical equations. Also, Wen et al. () indicated that SVM model produced more accurate estimation of daily reference evapotranspiration (ETo) using limited climatic data than those obtained using ANN model.
Considering the importance of accurate and timely determination of potential evapotranspiration in water balance calculations, simulation of plant produce, irrigation programming on the one hand and lack of appropriate meteorological data on the other hand, providing an efficient model for introducing this parameter is quite essential. Hence, the aim of this study is to evaluate the accuracy of neuro-fuzzy models, GEP, and SVM in estimation of potential evapotranspiration of an arid region on a monthly basis. Ultimately, results of proposed intelligent models are appraised qualitatively and quantitatively in terms of various statistical parameters.
MATERIALS AND METHODS

Study area
The study was conducted in the Sistan and Baluchistan Province, which lies between 25 3 0 N to 31 9 0 N (latitude) and 58 49 0 E to 63 20 0 E (longitude) in southeastern Iran, covering an area of approximately 181,785 km 2 ( Figure 1 ). The data used in this study were gathered from Zabol, Zahedan, Iranshahr, and Chabahar stations. In each of these stations, the long-term statistics of climate parameters including air temperature, relative humidity, sunny hours, and wind speed were collected from the Regional Water Company of Sistan and Balochestan on a monthly basis during the period of 1970-2010. Table 1 shows the mean of the variables used for modeling monthly evapotranspiration during the statistical period for each station.
FAO Penman-Monteith
Before using artificial intelligence models, the evapotranspiration rate during the selected statistical period in all the stations was first calculated on a monthly basis using the following modified FAO-56 Penman-Monteith relationship (Allen et al. ):
where ET o is the reference evapotranspiration rate (mm·day À1 ), R n is the net radiation at plant level (MJ·m À2 ·day À1 ), G is the soil heat flow density (MJ·m À2 ·day À1 ), γ: psychrometric constant coefficient (KPa/ C), T is the average air temperature ( C), u 2 : speed at 2 m height (ms À1 ), e s -e a is the saturation vapor pressure deficit (Kpa), and Δ is the vapor pressure curve slope (KPa/ C). Then, these values were inserted as inputs to the selected intelligent models (ANFIS, GEP and SVM) for predicting monthly reference evapotranspiration. To perform all the proposed predictive approaches, two-thirds of the input data were used in the training phase and the remaining one-third was used in the testing phase. In the neuro-fuzzy model, the training process consists of two stages. In the first phase, the premise parameters (membership functions) are assumed constant, so using the least squares method, the parameters of the consequent part It can be calibrated without expert knowledge. Furthermore fuzzy membership functions can be easily adjusted by using different optimization algorithms. The ANFIS model has a capacity for fast learning and adaptation. Details of the ANFIS method can be obtained in literature (Jang ) .
Neuro-fuzzy inference system model
GEP model
Gene-expression programming is a self-centered programming method (Koza ) . In this method, first, a target function is identified for the problem. Then, using a stepby-step process and by changing function structure, the target function is obtained with minimal error. The fundamental difference between GEP and genetic algorithms (GA) is the unique nature of each individual so that the individuals in the genetic algorithm are the linear rows with a fixed length (chromosomes). In GEP, however, the individuals include distinct branches of mathematical symbols. In this study, a combination of all operators, such as jump, back, three different types of transposition and three types of recombination operators were used.
The advantage of the GEP is that it has explicit formulation. This give some insight into the nature of the investigated phenomenon. It can be easily used in practical applications. Details of this method can be found in Koza () .
Support vector machine model
The SVM model is a relatively new technique which has recently proven to have a better performance in categorization and regression of multi-layer perceptron neural networks than the older methods. One of its advantages is that it works with fewer training data and variables, but 
Input variables of models
In this research, five combinations of input variables -average air temperature (T), sunny hours (S), wind speed (W), an relative humidity (R) -were considered; see Table 2 .
The input variables required for the FAO-56 Penman-Monteith (PM) equation are also included in the table. As seen from the table, the PM needs more variables than the data driven approaches especially for the first three patterns.
The unit measurements of (T, T min , T max ), S, R, and W are ( C), (hours), (%) and (km/hour), respectively.
To model the potential evapotranspiration, an inference neuro-fuzzy system and SVM, MATLAB software were used. Moreover, GeneXproTools was used for implementing the GEP. Two-thirds of the data were used for training applied models and the remaining one-third was used for testing.
Evaluation criteria
The statistical measures include the coefficient of determination (R 2 ) which expresses the coordination of data predicted by the models and the FAO Penman-Monteith ET o as well as the root mean square error (RMSE). Also mean absolute error (MAE) were used to check and evaluate the accuracy of the models. The mentioned criteria can be calculated using the following equations: 
RESULTS AND DISCUSSION
In this section, estimation of potential evapotranspiration using ANFIS, GEP, and SVM models are evaluated quantitatively with aid of Equations (2)-(4). Furthermore, in terms of qualitative comparisons, scatter plots of the predicted evapotranspiration versus observed ones are presented.
Results of ANFIS model
In neuro-fuzzy modeling, there are parameters whose variation makes changes in the model performance and affects the convergence speed as well as the quality of the predictions. In order to obtain the best combination of parameters, a trial and error method was used. The most important issue for the ANFIS modeling is the selection of membership function.
Five functions, namely triangular, trapezoidal, Gaussian, Gaussian 2, and bell-like, were tested in this study. After trial and error, the Gaussian function was considered the most efficient MF in terms of giving lower training error and additionally was used to develop the ANFIS model. The evaluation results of various input combinations for the proposed ANFIS models are shown in Table 3 for the test phase.
As shown in Table 3 , pattern 2 in Zahedan station, pattern 3 in Zabol station, pattern 5 in Iranshahr station and pattern 3 in Chabahar station have the highest values of coefficient of determination, while patterns 4, 5, 3, and 5
have the lowest values in these stations, respectively.
Results of GEP model
The GEP model was performed for all the stations in GeneXproTools software. In GEP modeling, the best value for some parameters is obtained based on trial and error.
In this case, the number of chromosomes (n ¼ 30), the number of genes in each chromosome (n ¼ 3), and the cumulative link function were selected. The evaluation results of various combinations of input in GEP models are presented in Table 4 .
As seen in Table 4 , pattern 4 has the lowest RMSE and the highest coefficient of determination in the Zahedan, Zabol, Iranshahr, and Chabahar stations, whereas patterns 5, 3, 1, and 2 respectively have the worst results in these stations. It should be noted that the GEP3 model whose inputs are average temperature, sunny hours and wind (SVM5) is selected as a superior model and GEP model with pattern 4 (GEP4) has stood at the second rank of accuracy level to estimate monthly potential evapotranspiration.
The neuro-fuzzy model (ANFIS2) is ranked in the third place.
In Zabol station, the ANFIS 3 model whose inputs are average air temperature, relative humidity, and wind speed shows superior accuracy. Moreover, the results of the GEP model in this station show that pattern 4 (GEP4) has the highest level of accuracy. The results of the SVM model 
CONCLUSION
In this study, the accuracy of ANFIS, SVM, and GEP models was assessed to estimate monthly potential evapotranspiration in Sistan and Baluchistan Province. To this end, temperature, sunny hours, relative humidity, and wind speed data were selected as the input parameters of the models and the amounts of monthly potential evapotranspiration were used as the output. The estimated values of each model were compared with the calculated amounts of potential evapotranspiration using the FAO Penman-
Monteith method. The model evaluations were conducted using the coefficient of determination, RMSEs and MAEs.
Modeling was conducted for four synoptic stations in Zahedan, Zabol, Iranshahr, and Chabahar using monthly data for the period 1964-2010. The results of the applied methods indicated that each method provided various levels of accuracy in all the stations. The main reason for this may be the fact that the stations are situated in different locations and have various climatic characteristics. Comparison of results showed that in the stations of Zahedan, Zabol, Iranshahr, and Chabahar, the SVM model including average air temperature, relative humidity, wind speed, and sunny hours of the current and previous month has higher accuracy than the ANFIS and GEP models in estimation of potential evapotranspiration. In some cases, the applied models provided accurate results even though they used limited data. For example, the ANFIS3 and ANFIS2 models in Zabol and Zahedan, the GEP2 model in Iranshar, Zabol and Zahedan, and the SVM3 model in Zabol and Zahedan stations. These models can be successfully applied in regions where relative humidity and sunny hours data are not available.
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